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PACKET PROCESSING METHOD, AND
PACKET TRANSMISSION APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2013-
168346, filed on Aug. 13, 2013, the entire contents of which
are incorporated herein by reference.

FIELD

The embodiments discussed herein are related to a packet
processing method a packet transmission apparatus.

BACKGROUND

With an increase in communication demand, an improve-
ment in throughput is requested for packet switching appara-
tuses, such as a layer 2 switch, which transfers packets, and
the like. In order to improve the throughput, packets are
processed separately by a plurality of flows depending on
priority, destination, and the like. Accordingly, management
mechanisms of buffers for storing packets have become com-
plicated.

For example, a chain management method, in which buft-
ers for storing packets are managed by a series of pointer
chains linked by link pointers, is known. By the chain man-
agement method, a pointer of an address at which a packet is
written is obtained from a pointer chain, and after a packet is
read from the buffer, the pointer is returned to the pointer
chain.

As for the chain management method, for example, Patent
Document 1 has disclosed a point where when a broken link
occurs in an empty buffer chain for a certain buffer group, the
buffer group is excluded from a buffer acquisition target, and
the empty buffer chain is reorganized after passage of a cer-
tain time period. Also, Patent Document 2 has disclosed a
point of automatically restoring a link at the time of obtaining
and releasing a single pointer-type buffer in/from a single
pointer-type buffer pool. As related-art technical documents,
Japanese Laid-open Patent Publication Nos. 2000-285011
and 10-254763 have been disclosed.

SUMMARY

According to an aspect of the invention, a packet process-
ing method includes receiving a first packet, selecting a first
storage area from a plurality of storage areas included in a
buffer as a packet storage area in accordance with first time at
which the first packet is received, and storing the first packet
into the selected first storage area. The first storage area is
selected as the packet storage area for the other packets
received when a predetermined time period has passed from
the first time.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a configuration diagram illustrating a functional
configuration of a packet transmission apparatus according to
an embodiment;
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FIG. 2 is a diagram illustrating a packet processing method
according to a comparative example;

FIGS. 3A, 3B, and 3C are configuration diagrams illustrat-
ing an example of a configuration of pointers used in the
comparative example;

FIG. 4 is adiagram illustrating a state when a memory error
has occurred in the packet processing method according to the
comparative example;

FIG. 5 is a diagram illustrating a packet processing method
according to the embodiment;

FIGS. 6A, 6B, and 6C are configuration diagrams illustrat-
ing an example of a configuration of pointers used in the
embodiment;

FIG. 7 is adiagram illustrating a state when a memory error
has occurred in the packet processing method according to the
embodiment;

FIG. 8 is a configuration diagram illustrating a functional
configuration of a packet output unit;

FIG. 9 is a ladder chart illustrating packet reception pro-
cessing in the comparative example;

FIG. 10 is a ladder chart illustrating packet reception pro-
cessing in the embodiment;

FIG. 11 is a ladder chart illustrating packet transmission
processing in the comparative example;

FIG. 12 is a ladder chart illustrating packet transmission
processing in the embodiment;

FIG. 13 is a ladder chart illustrating packet reception pro-
cessing at the time of changing periods in the comparative
example;

FIG. 14 is a ladder chart illustrating packet reception pro-
cessing at the time of changing periods in the comparative
example; and

FIG. 15 is a ladder chart illustrating packet reception pro-
cessing at the time of changing periods in the embodiment.

DESCRIPTION OF EMBODIMENTS

Itis possible to apply a chain management method not only
to an empty buffer, but also to management of buffers from
which packets are read. In this case, for example, every time
a packet is written into a buffer, a corresponding address is
recorded in a pointer chain so that when the packet is read, it
is possible to obtain the pointer of the address to be read from
the pointer chain.

However, in this case, if a memory failure occurs in a
memory storing a pointer chain, itis not possible to read a link
pointer, and thus a link of the pointer chain is broken. Accord-
ingly, it is not possible to obtain the pointer of an address to be
read, and thus it becomes difficult to read a packet. Thereby,
the pointer is not returned, and thus a problem arises in that
the address of the storage area recorded in the pointer chain is
not released, thereby making it not possible to use as an empty
buffer. Accordingly, a storage area for storing packets
becomes insufficient, and finally, it is desired to reset the
apparatus, or the like, for example.

The present embodiments have been made in view of the
above-described problems. It is desirable to provide a packet
transmission apparatus having an improved buffer manage-
ment function, a packet buffer, and a packet processing
method.

FIG. 1 is a configuration diagram illustrating a functional
configuration of a packet transmission apparatus according to
an embodiment. The packet transmission apparatus is a layer
2 switch, for example, and includes a reception unit 10, a
header analysis unit 11, a destination search unit 12, a switch
unit 13, a packet scheduler 14, a transmission control unit 15,
a buffer 16, and a transmission unit 17.
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The reception unit 10 has a function of a physical (PHY)/
media access control (MAC) layer, and receives a packet
(PKT) from the other apparatuses through a transmission line.
As apacket, an Ethernet (registered trademark) frame is given
as an example. However, the packet is not limited to this, and
for example, an Internet protocol (IP) packet may be given.

The header analysis unit 11 analyzes a header of a packet,
and obtains destination information from the header. As the
destination information, a destination address (DA) is given,
for example, but the destination information is not limited to
this.

The destination search unit 12 determines a flow of a
packet based on the obtained destination information. The
flow is a logical port for transmitting a packet.

The switch unit 13 switches packets among a plurality of
ports based on the destination information. Thereby, the
packet transmission apparatus transfers packets among dif-
ferent apparatuses.

The transmission control unit 15 temporarily stores a
packet that was input from the switch unit 13 into the buffer
16, which is a packet buffer. Also, the transmission control
unit 15 reads a packet from the buffer 16 in accordance with
a transmission instruction from the packet scheduler 14, and
outputs the packet to the transmission unit 17. The bufter 16
is a storing mechanism of packets, and includes a memory, for
example. However, the buffer 16 is not limited to this, and the
other devices, such as a hard disk drive, or the like may be
employed.

The packet scheduler 14 performs scheduling on the packet
transmission timing in accordance with a flow, and gives a
packet transmission instruction in accordance with the sched-
uling to the transmission control unit 15. As a scheduling
mechanism, a weighted round robin (WRR) is given as an
example, but the scheduling mechanism is not limited to this.

The transmission unit 17 has a function of a PHY/MAC
layer, and transmits a packet to the other apparatuses through
a transmission line.

The packet scheduler 14, the transmission control unit 15,
and the buffer 16 function as a packet output unit P, which
performs output processing of a packet. In the following, a
description will be given of a packet processing method used
in the packet output unit P by comparing the embodiment and
a comparative example.

FIG. 2 illustrates a packet processing method according to
a comparative example. Also, FIGS. 3A, 3B, and 3C are
configuration diagrams illustrating an example of a configu-
ration of pointers used in the comparative example.

The buffer 91 includes a plurality of blocks 910. The block
910 is a storage area for storing one or more packets, and has
1024 address spaces, for example. In this example, in order to
identify each of the blocks 910, block numbers of 0 to 115
(numeric characters in frames) are used.

As illustrated in FIG. 3A, the block pointer chain 90 has a
structure in which block pointers that indicate block numbers
of packet-writable blocks 910, that is to say, blocks 910
having released addresses are linked with each other. For
example, a block pointer having the block number of “96”
indicates a position of a block pointer having the block num-
ber of “103”.

The block pointer chain 90 lends out a block pointer of an
empty block 910, thatis to say, a packet-writable block 910 in
sequence every time a packet is received to an address pointer
chain 92. More specifically, the block pointer chain 90 has the
same structure as that of first in first out (FIFO), and lends out
in sequence from the beginning block pointer, that is to say,
from the block number recorded first. In the example in FIG.
2, the block pointer of the block number “96” is lent. In this
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regard, in FIG. 2, block pointers (“18”, “33”, “47”, and the
like) of the blocks 910 in bold frames, among the plurality of
blocks 910, represents being lent.

The lent block pointer is linked to the last of the address
pointer chain 92. As illustrated in FIG. 3B, the address pointer
chain 92 is disposed for each of the flows #0 to #15, and has
a structure in which a next block pointer, that is to say, the
block numbers to be written next or to be read next are linked
with each other. Further, the address pointer chain 92 has a
write address and a read address that are corresponding to
each of the next block pointers. In this regard, the address
pointer chain 92 is stored by a storage mechanism, such as a
random access memory (RAM), or the like, for example.

The write address and the read address individually indi-
cate addresses of the block 910. The write address is updated
each time the write processing 93 writes a packet (packet
data). The read address is updated each time the read process-
ing 94 reads a packet (packet data). That is to say, the write
address indicates the last address at which a packet has been
written in the block 910, which is indicated by the next block
pointer. The read address indicates the last address at which a
packet has been read from the block 910, which is indicated
by the next block pointer.

The block pointer chain 90 lends the block pointers to all
the addresses of the last blocks 910 in the address pointer
chain 92 each time the write processing 93 completes writing
a packet. The block pointers that were lent are linked to the
last block 910, that is to say, the next block pointers, and thus
are recorded in the address pointer chain 92. Thereby, the
write processing 93 is performed on the newly recorded block
910.

On the other hand, the packet read processing 94 is per-
formed in sequence from the block 910 indicated by the next
block pointer located at the beginning of the address pointer
chain 92. Thereby, the read processing 94 is performed so as
to follow the address pointer chain 92. In this regard, the read
packet is transmitted to the other apparatuses through the
transmission line.

The block pointers recorded in the address pointer chain 92
are returned to the block pointer chain 90 when the read
processing 94 of packets from all the addresses of the block
910 is completed. In the example in FIG. 2, block pointers
having the block number of “63”, “49, “32”, and “2” are
returned to the block pointer chain 90 because the read pro-
cessing 94 for all the addresses is completed. The returned
block pointers are recorded by being linked to the last of the
block pointer chain 90.

Also, in the example in FIG. 2, since the read processing 94
has not been completed for all the addresses on the block
pointer having the block number of““81” and only a part of the
addresses have been read, the block pointer is determined to
be in an in-use state, and is not returned. In this regard, after
the block pointer 910 is recorded in the address pointer chain
92, if a predetermined time passes, the block pointer 910 is
returned to the block pointer chain 90 regardless of whether
the read processing 94 on the block 910 has been completed
or not.

The write processing 93 and the read processing 94 are
performed on one or more block pointers in accordance with
a plurality of time regions (TR)0 to TR7 in one cycle of the
packet processing among all the block pointers recorded in
the address pointer chain 92. In this example, a plurality of
periods TROto TR7 are determined to be a period obtained by
equally dividing one cycle of the packet processing by eight.
However, the determination of a period is not limited to this.

The write processing 93 and the read processing 94 target
the block pointers in accordance with different one of the
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periods among the plurality of periods TRO to TR7, and the
block pointers to be processed proceed to the other one of the
periods in sequence after passage of a certain time. That is to
say, the periods TRO to TR7 are repeated. In the example in
FIG. 2, the write processing 93 targets the block pointers (the
block numbers “477, “33”, “96”, “113”, and “95”) in accor-
dance with the period TR4. When a certain time passes, the
write processing 93 targets the block pointers corresponding
to the next period TRS. While the write processing 93 is being
executed, when one of the periods TRO to TR7 proceeds, an
edge pointer is generated as illustrated by a symbol “e” in
orderto illustrate a boundary of a period in the address pointer
chain 92.

Asillustrated in FIG. 3C, the edge pointer has a structure in
which a beginning block pointer and a beginning address are
disposed for each of the flows #0 to #15, and for each of the
periods TRO to TR7. The beginning block pointer indicates a
block pointer located at the beginning of each of the periods
TRO to TR7 for each of the flows #0 to #15 in the address
pointer chain 92. Also, the beginning address indicates an
address located at the beginning of each of the periods TRO to
TR7 in the block 910 indicated by the beginning block
pointer. In this regard, the edge pointers are stored in a storage
mechanism, such as a RAM, or the like, for example.

Also, in the example in FIG. 2, the read processing 94
targets the block pointers (the block numbers “63”, “49”,
“817, “32”, and “2”) in accordance with the period TR2.
When a certain time passes, the read processing 94 targets the
block pointers corresponding to the next period TR3. While
the read processing 94 is being executed, when one of the
periods TRO to TR7 proceeds, a block pointer is newly deter-
mined to be processed by the read processing 94 using the
edge pointer as a mark.

In this manner, by a packet processing method according to
the comparative example, the blocks 910 in the buffer 91 are
divided for each of the time regions (TRO to TR7) for man-
agement. After passage of a certain time, the block pointers
are returned, and thus the addresses of the block 910 are
released. Thereby, it becomes possible to write a new packet
into the block 910, and the packet processing is performed by
ahead drop method. In this regard, the head drop method is a
method in which packets are discarded in sequence from the
packet stored in the buffer earliest. This is a contrasting
method to a tail drop method, in which packets are discarded
in sequence from the packet stored in the buffer latest.

In the comparative example, ifa failure occurs in a memory
storing the address pointer chain 92, it is not possible to read
a link pointer, and thus a link of the address pointer chain 92
is broken. Accordingly, it is not possible to obtain a block
pointer to be processed by the read processing 94, and thus it
becomes difficult to read a packet.

FIG. 4 illustrates a state when a memory error has occurred
in the packet processing method according to the comparative
example. Here, it is assumed that a failure in the address
pointer chain 92 in the flow #0 makes it difficult to read the
block pointer having the block number of “63”. At this time,
it is not possible to follow the link of'the address pointer chain
92, and thus it becomes difficult to read the block pointer of
the succeeding block number “49” that belongs to the same
period TR2 as that of the block pointer.

Accordingly, it is not possible to return the block pointer
having the block number of “49” to the block pointer chain
90. In this regard, only the block pointer having the block
number of “49” is illustrated as a block pointer up to the edge
pointer (the block number “817) in the next period TR3 in
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FIG. 4. However, in reality, there are a large number of block
pointers, and each of the block pointers becomes unable to be
returned.

In this comparative example, if a block pointer is not
returned, the address of the block 910 is not released, and thus
it is not possible to use the block 910 as an empty block.
Accordingly, if a memory error frequently occurs, the blocks
910 that store packets become insufficient. As a result, the
packet transmission apparatus may be desired to be reset, for
example. If a packet transmission apparatus is reset, such a
problem that a communication line in service, which is pro-
vided by the packet transmission apparatus, is temporarily
broken occurs.

In contrast, in a packet processing method according to the
embodiment, a storage area in a buffer is divided into a
plurality of groups corresponding to a plurality of periods in
a cycle of the packet processing, a packet is written into a
group area according to a reception period, and the address of
each storage area is released at the time when a period of the
group comes. Thereby, the management function of the buft-
ers is improved.

FIG. 5 illustrates a packet processing method according to
the embodiment. Also, FIGS. 6A, 6B, and 6C are configura-
tion diagrams illustrating an example of a configuration of
pointers used in the embodiment.

A butfer 16 includes a plurality of blocks 160. The block
160 is a storage area for storing one or more packets, and has
1024 address spaces, for example. In the present embodi-
ment, in order to identify each of the blocks 160, block num-
bers of 0 to 115 (numeric characters in frames) are used.

The plurality of blocks 160 in the buffer 16 are divided into
aplurality of groups GO to G7 corresponding to a plurality of
periods TRO to TR7 in once cycle of the packet processing,
respectively. For example, 16 blocks 160 having the block
numbers “327,°“33”,“34”, ..., and “47” belong to a group G2
corresponding to the period TR2. Also, 16 blocks 160 having
the block numbers “807, “817, “82”, ..., and “95” belong to
a group G5 corresponding to the period TRS. In this regard, in
the embodiment, the plurality of periods TRO to TR7 are
determined to be periods obtained by equally dividing one
cycle of the packet processing by eight. However, the deter-
mination of a period is not limited to this.

In the present embodiment, in order to manage the blocks
160 to be processed by the write processing 83, a block
counter 85 is used in place of the above-described block
pointer chain 90. As illustrated in FIG. 6 A, the block counter
85 counts ablock pointer of a block 160 to be processed by the
write processing 83 as each of the periods TRO to TR7, that is
to say, as the beginning block numbers +0 to 15 of each of the
groups GO to G7. The block counter 85 notifies the block
pointer (counter value) obtained by counting to the address
pointer chain 82.

The block pointer notified by the block counter 85 adds 1 to
the beginning block number, that is to say, the initial number
corresponding to each of the periods TRO to TR7 each time
the write processing 83 on one block 160 is completed. For
example, in the case of the group G2, the block counter 85

notifies the block numbers “327, “33”,“34”, ..., and “47” in
sequence, and in the case of the group G5, the block counter
85 notifies the block numbers “80”, “81”, “82”, ..., and “95”

in sequence. Accordingly, the block counter 85 is reset each
time one of the periods TRO to TR7 of the write processing 83
proceeds. In this regard, the block counter 85 is formed by a
flip-flop (FF), for example.

The notified block pointer is linked to the last of the address
pointer chain 82. As illustrated in FIG. 6B, the address pointer
chain 82 is disposed for each of the flows #0 to #15, and has
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a structure in which next block pointers, that is to say, the
block numbers to be written next or to be read next are linked
with each other. To put it another way, the address pointer
chain 82 has a structure in which the block pointers indicating
the addresses (block numbers) of the blocks 160 in which
packets are written are linked with each other in sequence
among the plurality of blocks 160.

Further, the address pointer chain 82 has a write address
and a read address that are corresponding to each of the next
block pointers, respectively. That is to say, the address pointer
chain 82 has the same structure as that of the address pointer
chain 92 in the comparative example. In this regard, the
address pointer chain 82 is stored by a storage mechanism,
such as a random access memory (RAM), and the like, for
example.

The block counter 85 notifies the block pointers to all the
addresses of the last blocks 160 in the address pointer chain
82 each time the write processing 83 completes writing a
packet. The notified block pointers are linked to the last block
160, that is to say, the next block pointers, and thus are
recorded in the address pointer chain 82. Thereby, the write
processing 83 is performed on the newly recorded block 160.

On the other hand, the packet read processing 84 is per-
formed in sequence from the block 160 indicated by the next
block pointer located at the beginning of the address pointer
chain 82. More specifically, in the read processing 84, the
block pointers in the address pointer chain 82 are referenced
in sequence, and packets are read from the blocks 160 having
the block numbers (addresses) indicated by the block pointers
among the plurality of blocks 160. Thereby, the read process-
ing 84 is performed so as to follow the address pointer chain
82. In this regard, the read packet is transmitted to the other
apparatuses through the transmission line.

The write processing 83 and the read processing 84 are
performed on the block pointers of the groups GO to G7 in
accordance with the above-described periods TRO to TR7,
respectively. The periods TRO to TR7 for the write processing
83 and the read processing 84 are different with each other,
and proceed to the other periods in sequence with passage of
a certain time. That is to say, the periods TRO to TR7 are
repeated.

Accordingly, in the write processing 83, a packet is written
into a block 160 that belongs to a group corresponding to the
period TR in which the packet is received among the plurality
of groups GO to G7. In the example in FIG. 5, the write
processing 83 is performed by targeting the blocks 160 that
belong to the group G5. At this time, the block counter 85
notifies the block numbers “807, “817, “827, . .., and “95” of
the blocks 160 that belong to the group G5 in sequence each
time writing to a block 160 is completed.

Also, in the read processing 84, a packet is read from a
block 160 that belongs to a group corresponding to one of the
periods TRO to TR7 among the plurality of groups GO to G7.
In the example in FIG. 5, the read processing 84 is performed
on the block 160 that belongs to the group G2. That is to say,
the read processing 84 is performed by targeting the block
numbers “327, “34”, and “33”, which have been recorded in
the address pointer chain 82.

While the write processing 83 is being executed, when one
of the periods TRO to TR7 proceeds, in order to indicate the
beginning block pointer of the periods in the address pointer
chain 82, a master pointer is generated as illustrated by a
symbol m. As illustrated in FIG. 6C, the master pointer has a
structure in which the beginning block pointer and “EN” are
disposed for each of the flows #0 to #15, and for each of the
periods TRO to TR7. The beginning block pointer indicates a
block pointer located at the beginning of each of the periods
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8
TRO to TR7 for each of the flows #0 to #15 in the address
pointer chain 82. Also, “EN” indicates whether the recorded
beginning block pointer is valid or not. In this regard, the
master pointers are stored in a storage mechanism, such as a
RAM, or the like, for example.

Also, in the example in FIG. 5, the read processing 84
targets the block pointers (the block numbers “32”, “34”, and
“33”)inaccordance with the period TR2. When a certain time
passes, the read processing 84 targets the block pointers cor-
responding to the next period TR3. While the read processing
84 is being executed, when one of the periods TRO to TR7
proceeds, a block pointer is newly determined to be processed
by the read processing 84 using the master pointer as a mark.

The addresses of the plurality of blocks 160 are released
when the periods TRO to TR7 corresponding to the group
come for each of the plurality of groups GO to G7. That is to
say, the blocks 160 that belong to each of the groups GO to G7
go to a packet-writable state when one cycle of the packet
processing passes.

The block counter 85 is reset each time one of the periods
TROto TR7 of the write processing 83 proceeds, that is to say,
each time a change occurs in the periods TRO to TR7. The
block counter 85 notifies the block pointers of the blocks 160
that belong to the groups GO to G7 corresponding to the
periods TRO to TR7 after the change to the address pointer
chain 82 regardless of whether the read processing 84 on the
blocks 160 has been completed or not.

As aresult the address of each of the blocks 160 is released
when one cycle of the packet processing passes. Further, in
the embodiment, the blocks 160 to be processed by the write
processing 83 are divided into the groups corresponding to
the periods TRO to TR7, and are managed by the block
counter 85. Accordingly, it is not desired to return a block
pointer after completion of the read processing 84 unlike the
above-described comparative example.

Accordingly, by the packet processing method according
to the embodiment, even if a failure occurs in the memory that
stores the address pointer chain 82, the above-described prob-
lem will not occur. FIG. 7 illustrates a state when a memory
error has occurred in the packet processing method according
to the embodiment. Here, it is assumed that a failure in the
address pointer chain 82 in the flow #0 makes it difficult to
read the block pointer having the block number of “32”. At
this time, it is not possible to follow the link of the address
pointer chain 82, and thus it becomes difficult to read the
block pointer of the succeeding block number “34” that
belongs to the same period TR2 as that of the block pointer.

However, when one cycle of the packet processing passes,
and when the period TR2 comes again, the block counter 85
notifies a new block pointer on the group G2, and thus the
address of the block 160 that belongs to the group G2 is
released. In this regard, at this time, if the memory error is a
temporary failure caused by cosmic rays, or the like, there is
little possibility that an error related to the block pointer
having the block number of “32” occurs again. Further, the
periods TRO to TR7, and the groups GO to G7 of the blocks
160 are associated with each other, and thus the block number
(address) of the failed block 160 is identified based on one of
the periods TRO to TR7, in which the error has occurred.

In this manner, in the embodiment, the address of each of
the blocks 160 is released not by returning the block pointer,
but by passage of one cycle of the packet processing. Accord-
ingly, even if a memory error occurs, the packet processing
continues without resting the packet transmission apparatus,
or the like.

Next, a description will be given of a functional configu-
ration of the packet transmission apparatus according to the
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embodiment. FIG. 8 is a configuration diagram illustrating
the functional configuration of the packet output unit P (refer
to FIG. 1).

The packet transmission apparatus includes a buffer 16, a
reception processing unit 2, a transmission processing unit 3,
a period management unit 5, a master pointer storage unit 6,
and a pointer chain storage unit 7. The reception processing
unit 2 includes a buffer management unit 20, a flow identifi-
cation unit 21, a write control unit 22, a reception pointer
chain management unit 23, and a master pointer management
unit 24. The transmission processing unit 3 includes a master
pointer acquisition unit 30, a transmission pointer manage-
ment unit 31, and a read control unit 32.

The buffer 16 includes a plurality of blocks (storage areas)
160, and stores received packets. The master pointer storage
unit 6 is a RAM, for example, and stores master pointers. The
pointer chain storage unit 7 is a RAM, for example, and stores
the address pointer chain 82.

The reception processing unit 2 and the transmission pro-
cessing unit 3 performs the above-described write processing
83 and read processing 84, respectively. The period manage-
ment unit 5 manages the periods TR0 to TR7 of the packet
processing, and notifies one of the periods to the reception
processing unit 2 and the transmission processing unit 3. The
periods TRO to TR7 of the write processing 83 and the read
processing 84 are different with each other, and one of the
periods changes to the next period after passage of a certain
time.

The flow identification unit 21 refers to the destination
information of the received packet, and identifies the flows #0
to #16. The flow identification unit 21 outputs the flow IDs
indicating the flows #0 to #16, respectively, and outputs a
packet to the write control unit 22. Also, the flow identifica-
tion unit 21 outputs the flow IDs to the master pointer man-
agement unit 24.

The buftfer management unit 20 manages the plurality of
blocks 160 in the buffer 16 by dividing the plurality of blocks
160 into the plurality of groups GO to G7 corresponding to the
plurality of periods TRO to TR7, respectively in one cycle of
the packet processing. The buffer management unit 20 man-
ages the block numbers (addresses) of the plurality of block
160 for each of the plurality of groups GO to G7 using block
counter 85, and notifies the block numbers to the write control
unit 22. More specifically, the buffer management unit 20
notifies the block pointer in accordance with one of the peri-
ods TRO to TR7, which has been notified from the period
management unit 5, in response to a request from the recep-
tion pointer chain management unit 23.

The write control unit 22 writes a packet into the block 160
that belongs to the group corresponding to the period in which
the packet is received among the plurality of groups GO to G7
in accordance with an instruction of the buffer management
unit 20. More specifically, the write control unit 22 obtains the
block pointer corresponding to one of the periods TRO to TR7
and the flow ID through the reception pointer chain manage-
ment unit 23, and writes the packet into the block 160 indi-
cated by the block pointer.

The reception pointer chain management unit (pointer
management unit) 23 links the pointers indicating the block
numbers (addresses) of the blocks in which the packet is
written with each other in sequence among the plurality of
blocks 160 so as to update the address pointer chain 82. Also,
the reception pointer chain management unit 23 updates the
write address of the address pointer chain 82 each time the
write control unit 22 performs writing.

‘When the master pointer management unit 24 is notified of
one of the periods TRO to TR7 from the period management
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unit 5, the master pointer management unit 24 generates a
master pointer in accordance with the flow ID from the flow
identification unit 21, and writes the master pointer into the
master pointer storage unit 6. At this time, the master pointer
management unit 24 obtains the block pointer of the block
160 being written from the reception pointer chain manage-
ment unit 23.

The transmission processing unit 3 refers to the pointers of
the address pointer chain 82 in sequence, and reads a packet
from the block 160 having the block number (address) indi-
cated by the pointer among the plurality of blocks 160, and
transmits the packet. More specifically, the transmission pro-
cessing unit 3 reads a packet from block 160 that belongs to
the group corresponding to the period in which a packet is
transmitted among the plurality of groups GO to G7, and
transmits the packet. Accordingly, a packet to be transmitted
is determined in accordance with one of the periods TRO to
TR7 so that the packet transmission processing becomes easy.

The master pointer acquisition unit 30 obtains a master
pointer corresponding to one of the periods TRO to TR7
notified from the period management unit 5 from the master
pointer storage unit 6. The master pointer acquisition unit 30
notifies the master pointer to the transmission pointer man-
agement unit 31.

The transmission pointer management unit 31 obtains the
block pointer of the address pointer chain 82 in accordance
with the master pointer from the master pointer acquisition
unit 30, and notifies the block pointer to the read control unit
32. The read control unit 32 reads a packet from the block 160
indicated by the block pointer notified from the transmission
pointer management unit 31. The transmission pointer man-
agement unit 31 updates a read address of the address pointer
chain 82 each time the read control unit 32 reads a packet.

When one of the periods TROto TR7 corresponding to each
of the plurality of groups GO to G7 has come, the buffer
management unit 20 releases the address of the storage area
that belongs to the group among the plurality of storage areas
160 as an address at which a packet is written. Accordingly,
the same advantages as those of the contents described with
reference to FIG. 5 to FIG. 7 are obtained.

Also, with this configuration, in addition to the contents
described above, the amount of logic, for example a gate size,
and the storage capacity, such as, a memory, and the like are
reduced. In the following, a description will be given of the
processing of the packet transmission apparatus according to
the embodiment in comparison with the processing of the
comparative example, which has been illustrated in FIG. 2 to
FIG. 4.

FIG. 9 is a ladder chart illustrating packet reception pro-
cessing in the comparative example. In the reception process-
ing, the write address of the address pointer chain 92 is
updated each time the write processing 93 is performed. In
addition, when writing for one block (BLK) 910 is com-
pleted, a block pointer is requested from the pointer chain
management processing.

In the pointer chain management processing, access is
made to a memory that stores the block pointer chain 90 so
that a block pointer of the empty block 910 is obtained. The
block pointer of the empty block 910 is lent to the reception
processing. In the reception processing, the lent block pointer
is written as the next block pointer (refer to FIG. 3B) of the
address pointer chain 92.

Thereby, the reception processing is performed on a new
block 910 indicating the block pointer, and the write address
of'the address pointer chain 92 is updated each time the write
processing 93 is performed.
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On the other hand, FIG. 10 is a ladder chart illustrating the
packet reception processing in the embodiment. That is to say,
FIG. 10 illustrates the processing of the reception processing
unit 2 in FIG. 8.

The write address of the address pointer chain 82 is updated
each time the write processing 83 is performed. When writing
for one block (BLK) 160 is completed, a block pointer is
requested from the pointer chain management processing (the
buffer management unit 20).

In the pointer chain management processing, a block
pointer is obtained from the block counter 85, and is notified
to the reception processing. That is to say, the buffer manage-
ment unit 20 manages the block pointers (addresses) of the
plurality of blocks 160 for each of the plurality of groups GO
to G7 using a counter, and notifies the block pointers to the
write control unit 22.

At this time, the counter value of the block counter 85 is
updated so that a block pointer to be notified next is provided.
In the reception processing, the notified block pointer is writ-
ten into as the next block pointer (refer to FIG. 6B) of the
address pointer chain 82.

Thereby, the reception processing is performed on a new
block 160 indicated by the block pointer. The write address of
the address pointer chain 82 is updated each time the write
processing 83 is performed.

As is understood by comparing FIG. 9 and FIG. 10, in the
comparative example, the block pointer chain 90 is used,
whereas in the embodiment, the block counter 85 is used. The
block pointer chain 90 is formed by a memory, such as a
RAM, or the like, whereas the block counter 85 is formed by
a counter circuit using FFs. Accordingly, by the embodiment,
the memory capacity is made smaller in size, and the process-
ing is more simplified than the comparative example.

Also, FIG. 11 is aladder chart illustrating packet transmis-
sion processing in the comparative example. In the transmis-
sion processing, the read address of the address pointer chain
92 is updated each time the read processing 94 is performed.
When reading for oneblock (BLK) 910 is completed, the next
block pointer is read from the address pointer chain 92. Also,
the block pointer by which the reading has been completed is
returned.

In the pointer chain management processing, the returned
block pointer is recorded in the block pointer chain 90 as an
empty block 910, and thus access is made to the memory that
stores the block pointer chain 90. In the transmission process-
ing, the read processing 94 on the next block 910 is per-
formed, and the read address of the address pointer chain 92
is updated.

On the other hand, FIG. 12 is a ladder chart illustrating
packet transmission processing in the embodiment. That is to
say, FIG. 12 illustrates the processing of the transmission
processing unit 3 illustrated in FIG. 8.

In the transmission processing, the read address of the
address pointer chain 82 is updated each time the packet read
processing 84 is performed. When reading for one block
(BLK) 160 is completed, the next block pointer is read from
the address pointer chain 82. In the transmission processing,
the read processing 84 on the next block 160 is preformed,
and the read address of the address pointer chain 82 is
updated.

As is understood by comparing FIG. 11 and FIG. 12, in the
comparative example, a pointer is returned, whereas in the
embodiment, a pointer is not returned. Accordingly, by the
embodiment, the memory capacity is made smaller in size,
and the processing is more simplified than the comparative
example.
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Also, in the comparative example, as described below,
when a period change occurs (proceeds), there are cases
where block pointers are changed, and the cases where block
pointers are not changed. FIG. 13 is a ladder chart illustrating
the packet reception processing at the time of changing peri-
ods in the comparative example. The example in FIG. 13
illustrates the case where block pointers are not changed.

In the reception processing, while the write processing 93
is updating the write address of the address pointer chain 92,
if a change in period (TR) occurs, the beginning block pointer
and the beginning address are notified to the edge pointer
management processing, and an edge pointer is generated.

On the other hand, the example in FIG. 14 illustrates the
case where block pointers are changed. In the reception pro-
cessing, when write processing 93 for one block (BLK) 910 is
completed, if a change in periods occurs in addition to the
edge pointer management processing illustrated in FIG. 13,
the pointer chain management processing is performed. That
is to say, in order to change the blocks to be written, a block
pointer is lent out from the block pointer chain 90.

As is understood by comparing FIG. 13 and FIG. 14, in the
comparative example, when a period change occurs (pro-
ceeds), there are cases where block pointers are changed, and
the cases where block pointers are not changed. Accordingly,
the circuit configuration of the hardware is complicated, and
the amount of logic is increased.

In contrast, in the embodiment, as described above, the
blocks 160 are divided into the groups GO to G7 correspond-
ing to the periods TRO to TR7, respectively, are then man-
aged, and thus the block pointers are obtained each time a
period is changed.

FIG. 15 is a ladder chart illustrating packet reception pro-
cessing at the time of changing periods in the embodiment. In
the reception processing, while the write processing 83 is
being executed, if a period change occurs, the master pointer
management processing and the pointer chain management
processing are performed.

In the pointer chain management processing, the block
counter 85 is reset to initialize the count value in response to
a period change. Next, the block pointer is obtained from the
block counter 85 in response to a request for a block pointer.
The obtained block pointer is notified to the reception pro-
cessing. Also, the counter value of the block counter 85 is
updated so that a block pointer to be notified next is provided.

In the reception processing, the notified block pointer is
written as the next block pointer of the address pointer chain
82. Also, in the reception processing, the beginning block
pointer is notified to the master pointer management process-
ing (the master pointer management unit 24) to generate a
master pointer.

In addition, the reception processing is performed on a new
block 160 indicated by the block pointer, and the write
address of the address pointer chain 82 is updated each time
the write processing 83 is performed.

In this manner, in the embodiment, the processing is not
performed separately depending on the cases at the time of the
occurrence of a period change, and thus the amount of logic is
reduced, and the circuit configuration of the hardware is sim-
plified as compared with the comparative example.

As described above, the packet transmission apparatus
according to the embodiment includes the buffer 16 that
stores the received packets, the buffer management unit 20,
the write control unit 22, and the pointer management unit 23.
The buffer management unit 20 divides the plurality of stor-
age areas (blocks) 160 in the buffer 16 into the plurality of
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groups GO to G7 corresponding to the plurality of periods
TRO to TR7, respectively, in one cycle of the packet process-
ing.

The write control unit 22 writes a packet into a storage area
160 that belongs to a group corresponding to one of the
periods TRO to TR7 in which the packet is received among the
plurality of groups GO to G7 in accordance with an instruction
of the buffer management unit 20. The pointer management
unit 23 links the pointers (block pointers) indicating the
addresses (the block numbers) of the storage areas in which
packets have been written with each other in sequence among
the plurality of storage areas 160.

The transmission processing unit 3 refers to the pointers in
sequence, and reads a packet from the storage area of the
address indicated by the pointer out of the plurality of storage
areas 160, and transmits the packet. When one of the periods
TRO to TR7 corresponding to each of the plurality of groups
GO to G7 has come, the buffer management unit 20 releases
the address of the storage area that belongs to the group
among the plurality of storage areas 160 as an address at
which a packet is written.

By the packet transmission apparatus according to the
embodiment, the buffer management unit 20 divides and
manages the plurality of storage areas 160 in the buffer 16 into
the plurality of groups GO to G7 corresponding to the plurality
of'periods TROto TR7, respectively, in one cycle of the packet
processing. The write control unit 22 writes a packet into a
storage area 160 that belongs to one of the groups GO to G7
corresponding to the periods TRO to TR7, respectively, in a
cycle of the packet processing in accordance with an instruc-
tion of the buffer management unit 20, and thus the periods
TRO to TR7 and the storage areas 160 are associated with
each other, respectively. Accordingly, the address of the stor-
age area 160 having a failure is identified based on one of the
periods TRO to TR7, in which an error has occurred.

Also, the pointer management unit 23 links the pointers
indicating the addresses of the storage area 160 in which the
packets have been written with each other in sequence among
the plurality of blocks 160. The transmission processing unit
3 refers to the pointers, and reads a packet from the storage
area 160 of the address indicated by the pointer, and transmits
the packet, and thus packets are read from the storage areas
160 in which packets are written in sequence, and are trans-
mitted.

Also, when one of the periods TRO to TR7 corresponding
to each of the plurality of groups GO to G7 has come, the
buffer management unit 20 releases the address of the storage
area that belongs to the group among the plurality of storage
areas 160 as an address at which a packet is written. Accord-
ingly, it becomes possible to write a packet into the storage
area 160 that belongs to each group when the relevant period
in the cycle comes.

Accordingly, it is not desired for the transmission process-
ing unit 3 to return a pointer after reading a packet in order to
release the address of the storage area 160, and thus even if it
is not possible to read a pointer because of a memory error, the
storage areas 160 for writing packets do not become insuffi-
cient. Thus, by the packet transmission apparatus according
to the embodiment, the management function of the buffers is
improved.

Also, the packet buffer 16 according to the embodiment
stores received packets, and includes a plurality of storage
areas 160 that are separated into a plurality of groups GO to
(7 that are corresponding to a plurality of periods TRO to
TR7, respectively, in one cycle of the packet processing. The
packet buffer 16 stores the packets into the storage areas 160
that belong to the groups in accordance with the periods TRO
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to TR7 in which the packets are received among the plurality
of groups GO to G7, respectively. When one of the periods
TRO to TR7 corresponding to each of the plurality of groups
GO to G7 has come, the addresses of the storage areas that
belong to the group among the plurality of storage areas 160
are released as the addresses at which packets are to be writ-
ten.
The packet buffer 16 according to the embodiment has an
overlapping configuration as that of the above-described
packet transmission apparatus, and thus has the same opera-
tional advantages as the above-described contents.
Also, the packet processing method according to the
embodiment includes each process of the following (1) to (5).
(1) Process to divide a plurality of storage arecas 160 in the
buffer 16 that stores received packets into a plurality of
groups GO to G7 corresponding to a plurality of periods TRO
to TR7, respectively, in a cycle of the packet processing
(2) Process to write a packet into a storage arca 160 that
belongs to a group in accordance with a period in which the
packet is received among the plurality of groups GO to G7
(3) Process to link pointers (block pointers) indicating the
addresses (block numbers) of the storage areas in which pack-
ets have been written with each other in sequence among the
plurality of storage arcas 160
(4) Process to refer to pointers in sequence, to read a packet
from the storage area 160 of the address indicated by the
pointer among the plurality of storage areas 160, and to trans-
mit the packet
(5) When one of the plurality of the periods TRO to TR7
corresponding to each of the groups GO to G7 has come,
process to release the address of each storage area that
belongs to the group as the address at which the packets are
written
A packet processing method according to the embodiment
has the same configuration as that of the above-described
packet transmission apparatus, and thus has the same opera-
tional advantages as the above-described contents.
All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in under-
standing the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiments of the
present invention have been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.
What is claimed is:
1. A packet processing method comprising:
receiving a first packet to be stored in a buffer including a
plurality of storage areas, each of the plurality of storage
areas being associated a respective unit period of a plu-
rality of unit periods in one cycle of packet processing;

selecting a first storage area from the plurality of storage
areas included in the buffer as a packet storage area in
accordance with a first time at which the first packet is
received, the first time being within the respective unit
period associated with the first storage area;

storing the received first packet into the selected first stor-

age area;

after the one cycle of packet processing has passed from a

start time of the respective unit period associated with
the first storage area and a second packet is then
received, selecting the first storage area as a packet stor-
age area for the second packet; and
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storing the received second packet in the first storage area
selected as the packet storage area for the second packet
in a state in which the first packet stored in the first
storage area has not yet been transmitted from the first
storage area.

2. The packet processing method according to claim 1,
wherein the plurality of storage areas are selected in sequence
as a packet storage area for a received packet every time the
unit period passes.

3. The packet processing method according to claim 2,
wherein after the start time of the respective unit period asso-
ciated with the first storage area, the first storage area is
selected as a packet storage area for a received packet every
time the one cycle of packet processing passes.

4. The packet processing method according to claim 1,
further comprising:

after the first time, receiving a third packet at a second time;

selecting a second storage area from the plurality of storage

areas as a packet storage area for the third packet in
accordance with the second time;

storing the third packet into the selected second storage

area;
storing a first pointer indicating a first address of the first
storage area, and a second pointer indicating a second
address of the second storage area in sequence; and

transmitting the first packet and the third packet in order
based on the first pointer and the second pointer.

5. A packet transmission apparatus comprising:

a memory; and

a processor coupled to the memory and configured to

receive a first packet to be stored in a buffer including a
plurality of storage areas, each of the plurality of
storage areas being associated a respective unit period
of a plurality of unit periods in one cycle of packet
processing,

select a first storage area from the plurality of storage
areas included in the buffer as a packet storage area in
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accordance with a first time at which the first packet is
received, the first time being within the respective unit
period associated with the first storage area,

store the received first packet into the selected first stor-
age area,

after the one cycle of packet processing has passed from
a start time of the respective unit period associated
with the first storage area and a second packet is then
received, select the first storage area as a packet stor-
age area for the second packet, and

store the received second packet in the first storage area
selected as the packet storage area for the second
packet in a state in which the first packet stored in the
first storage area has not yet been transmitted from the
first storage area.

6. The packet transmission apparatus according to claim 5,
wherein the plurality of storage areas are selected in sequence
as a packet storage area for a received packet every time the
unit period passes.

7. The packet transmission apparatus according to claim 6,
wherein after the start time of the respective unit period asso-
ciated with the first storage area, the first storage area is
selected as a packet storage area for a received packet every
time the one cycle of packet processing passes.

8. The packet transmission apparatus according to claim 5,
wherein the processor is configured to:

after the first time, receive a third packet at a second time,

select a second storage area from the plurality of storage

areas as a packet storage area for the third packet in
accordance with the second time,
store the third packet into the selected second storage area,
store a first pointer indicating a first address of the first
storage area, and a second pointer indicating a second
address of the second storage area in sequence, and

transmit the first packet and the third packet in order based
on the first pointer and the second pointer.
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